Background and objective. Acute kidney injury (AKI) following cardiac surgery with cardiopulmonary bypass (CPB) is polyethiological clinical syndrome. During CPB haemodilution develops, which is useful in reducing the risk of thrombosis; however, haemodilutional anaemia decreases oxygen transfer and provokes tissue hypoxia, which can lead to acute organ damage. The aim of the study was to find out the impact of perioperative anaemia on AKI after cardiac surgery with CPB.
INTRODUCTION
Acute kidney injury (AKI) after cardiac surgery with cardiopulmonary bypass (CPB) is associated with an increased risk for chronic kidney diseases, an increased incidence of myocardial infarction, stroke, respiratory failure, serious infections, blood product transfusions, and mortality (1) . The development of AKI is polyethiologic. During CPB haemodilution develops, which is a risk factor for AKI. Throughout cardiac surgery haemodilution is useful in reducing the risk of thrombosis, however, haemodilutional anaemia decreases oxygen transfer and provokes tissue hypoxia, which can lead to organ ischemia and acute damage (2) . It was noticed that it was the outer layer of renal cortex that suffered from early injury and hence ischemic AKI developed (3) .
According to the severity, AKI is classified into (1) severe (serum creatinine level increase >3 times of the initial value), requiring kidney replacement therapy, (2) moderate (serum creatinine level 2-3 times higher than the initial value), and (3) mild (serum creatinine level increases up to 1.5 times from the initial value) postoperative AKI. However, serum creatinine concentration is not an accurate and early indicator of the kidney condition, thus it is often suggested to use newer biomarkers instead, which allow earlier diagnosis and detect injuries of a minor degree (4) . AKI can be diagnosed by serum level of neutrophil gelatinase-associated lipocalin (NGAL), which is a biomarker reflecting early kidney injury in the distal nephrons (5) . It reflects kidney injury caused by ischemia or nephrotoxins (6) . The increase of serum NGAL concentration under 150 nmol/L is considered a normal reaction to intervention, stress, and other factors. The level of serum NGAL over 150 nmol/L shows minimal kidney injury. However, when it exceeds 250 nmol/L, it is considered a serious injury. Biological action of NGAL relies on specific receptors found in the brain or other tissues. Most often the interface of receptors is observed in kidney distal tubule cells on the brush layer (3) . Other studies have shown that the values of serum NGAL 2 hours after the surgery have a significant correlation with AKI (7). During cardiac surgery, it is essential to assess haematocrit (Ht), though its minimum value, which should be maintained during CPB, is not defined due to the lack of clinical studies (9, 10) . A decrease in Ht is associated with a higher risk of complications, mortality, and higher rates of return to CPB (8) . Each hospital has its own regulations on acceptable values of haematocrit and indications for transfusion during CPB. Some authors recommend to keep haematocrit >25% while others suggest higher limits (>30%). A study with animals showed 19% to be the critical point. The goals of the present study were: (1) to detect the rate of AKI and the rate of perioperative anaemia in patients undergoing elective cardiac surgery with CPB; (2) to find the relationship between intraoperative haemodilutional, preoperative, and postoperative anaemia, and the rate of postoperative AKI; (3) to determine the impact of various perioperative factors for the development of AKI.
MATERIALS AND METHODS
A prospective study was conducted from November to December 2015 at the Department of Cardiothoracic and Vascular Surgery, of the Kauno klinikos Hospital of the Lithuanian University of Health Sciences. The study was approved by Kaunas Ethics Commission (protocol No. BEC-MF-146) and research was carried following the Declaration of Helsinki II.
The study included 58 patients undergoing elective cardiac surgery with CPB, without chronic renal disease and any systemic autoimmune disease preoperatively, which could have been the reason for any preoperative kidney injuries.
All patients received a standardized anaesthetic and CPB management. Patients were pre-medicated with midazolam or diazepam and morphine. Anaesthesia was induced with propofol, fentanyl, and rocuronium and maintained with sevoflurane, fentanyl, and rocuronium. All patients underwent median sternotomy, the aorta was cross-clamped, and anterograde cold crystalloid cardioplegia (4°C St. Thomas' hospital solution) was applied for myocardium protection. The CPB machine was primed with 1.5 L of crystalloid solution containing 10,000 units of heparine. A roller-pump with a membrane oxygenator (Dideco D703, Mirandola, Italy) and a venous reservoir were used. The non-pulsatile pump flow rates were maintained between 2.4 and 2.6 L/min/m 2 body surface area.
The following risk factors have been assessed: diabetes mellitus (DM), the use of diuretics before and after the surgery.
Perioperative anaemia was assessed according to Ht values before the surgery, Ht value during CPB, and immediately after the surgery. Ht < 25% was considered as haemodilutional anaemia (11) .
AKI was assessed according to the serum concentration of NGAL, which had been tested before surgery, 2 hours, 6 hours, and one day after surgery. Patients were included into the group with AKI when at least one postoperative value of NGAL was >150 ng/mL. Serum creatinine concentration was also assessed before and after surgery within the prior 7 days in the cardiac surgery department. According to KDIGO criteria, AKI was diagnosed when creatinine increased at least by 50% during the first seven days after surgery (12) .
Statistical analysis was performed with the Statistical Package for the Social Science (SPSS) v.23. Quantitative variables were described as a mean and standard deviation (SD). The Kolmogo rovSmirnov test was used to determine the distribution of quantitative data. When the distribution of variables was normal, Student's t-test was used to compare the quantitative sizes of two independent samples, and the non-parametric Mann-Whitney U test was used to compare non-normally distributed variables. Qualitative data were compared between the two groups by using chi-square (χ 2 ) tests. Linear dependence between variables was evaluated by using correlation coefficients. The Pearson's or Spearman's correlation coefficient was used taking into account the distribution of variables. The difference was considered statistically significant when p < 0.05.
RESULTS
The study included 58 patients assigned to ASA class III. Their demographic and surgery-related parameters are presented in Table 1 . Preoperatively, the values of Ht, serum creatinine, and serum NGAL were within normal ranges in all the patients. Moreover, creatinine and NGAL before the surgery were not significantly different in patients who developed AKI postoperatively and those who did not.
The average concentration of serum NGAL before CPB was 64.38 ± 33.55 ng/mL and it was significantly lower than the average concentration 2 hours after surgery, 6 hours after surgery, and one day after surgery (respectively, 150.37 ± 62.36, 119.57 ± 54.64, 129.22 ± 58.74 ng/mL, p < 0.01).
When evaluating NGAL values, in 46.55% of the patients a significant increase of NGAL concentration from the initial concentration was observed. Mild AKI occurred in 32.76% patients (NGAL serum level 150-250 ng/mL), and in 13.79% of the patients serious AKI was observed (NGAL serum level >250 ng/mL). The average serum creatinine level after surgery was significantly higher than that before surgery (respectively 106.53 ± 38.63 μmol/L vs 95.09 ± 28.18 μmol/L, p < 0.01). According to the changes in the creatinine level after surgery, AKI was detected in 12.07% of the patients. Renal replacement therapy was needed in two patients (3.33%) after surgery.
During surgery, 27.59% of the patients had red blood cell transfusions. Of those who developed AKI, 33.33% underwent a transfusion. In comparison with the patients who did not develop AKI, only 22.58% underwent a transfusion. Although those patients, who had transfusions, experienced AKI more often, there was no significant correlation between AKI and transfusion.
The average haematocrit before CPB was 37.16 ± 6.52%. The average haematocrit during CPB was significantly lower than that after surgery (respectively, 22.66 ± 4.05% and 27.36 ± 4.32%, p < 0.01). During the perioperative period, anaemia was observed in 77.59% of the patients (Ht < 25%) ( Table 2) . A significant positive correlation between the perioperative anaemia and AKI was determined. In addition, intraoperative (Ht < 25%) anaemia occurred in 75.86% of the patients and had a moderate significant correlation with postoperative AKI. Postoperative (Ht < 25%) anaemia separately did not significantly the development of AKI.
The duration of surgery, a red blood cell (RBC) transfusion, the use of diuretics before surgery and after surgery in the ICU, fluid balance, and diabetes mellitus did not show a significant correlation with the development of AKI. However, the duration of aortic cross-clamping and the CPB duration had a moderate correlation with the development of AKI (Table 3) . However, in the group of the patients with AKI, the duration of aortic cross-clamping and the duration of CPB were not significantly higher in comparison with the patients without AKI (Table 1) . 
DISCUSSION
The aim of this study was to find out the effect of perioperative anaemia on AKI after cardiac surgery with CPB. The data regarding the minimum Ht value presented in the scientific literature are contradictory. It has been decided to regard Ht value as harmful when it is below 25%. In the study by Hajjar et al., it is proposed to regard 24% as the minimum Ht value. However, there are sources suggesting that 30% should be viewed as the minimum value, which may require a transfusion (9, 13) . In most publications, this value of haematocrit is associated with tissue hypoxia that affects target organs -the lungs, the kidneys and the heart (13). Usually, even the affected renal function recovers to the normal. However, there are data confirming that AKI is a significant factor for the development of the chronic kidney disease (14) . In the study by Pannu et al., it was noticed that approximately 11% of AKI result in the chronic kidney disease (15) . Usually the evaluation of the kidney function is based on serum creatinine levels and diuresis. We used NGAL to assess the AKI. It is produced in the distal nephron and its synthesis is up-regulated in response to kidney injury. NGAL acts to bind iron-chelating proteins secreted by bacteria and thus has an anti-inflammatory and bacteriostatic effect (30) . NGAL is superior to creatinine because, unlike creatinine, it gives no value to age, sex, muscle mass, metabolic disorders, and dehydration. NGAL, opposite to creatinine or oliguria, may show whether the emerging kidney injury is reversible or not (14) . It is important that the serum creatinine level remains normal when the kidney function is affected slightly (5) . The most visible drawback of serum creatinine is that it is distributed throughout the whole body; therefore, such changes as synthesis or elimination in the blood plasma are noticeable only after two days. Moreover, the decline of the creatinine concentration in serum after the cardiac surgery due to haemodilution is observed, which further complicates the diagnostics of AKI (16) . On the other hand, decreased GFR may be masked by loop diuretics, and, as a result, AKI may not be diagnosed (17) . So, NGAL contributes to the earlier diagnosis of AKI, thus, enabling the application of early treatment and prophylaxis. The definition of AKI is still not standardized (18) . This study revealed that the frequency of AKI is higher when assessing changes in serum NGAL concentration than that assessed by the changes in the concentration of serum creatinine. However, NGAL is still not routinely used in clinical practice because overall results are inconsistent, with variations in sample collection protocols, procedure type, and the patient population.
A low Hb level of reduces oxygen transfer to the tissues. The emerging hypoxia plays a critical role in the development of AKI. Therefore, preoperative haemoglobin should be optimized with iron supplementation (19) . This study observed that AKI after cardiac surgery is associated with moderate anaemia. The study of Santo et al. suggests that anaemia is independently associated with AKI. Other references also found that the haemodilution of CPB duration increases the risk of developing AKI (20) . This study did not reveal that blood transfusion increases the possibility of developing AKI. Recently, major studies found transfusion to be an independent predictor of AKI (21) . But numerous sources maintain that dilution anaemia is the main cause of AKI and the transfusions performed are only the consequence (20) .
In the study conducted by Fakhari et al., it was found that the rate of AKI after cardiac surgery can be reduced by using furosemide during surgery and in early postoperative period (22) . In our study, 36.21% of patients received diuretic therapy during the early postoperative period in the ICU, but it did not influence the rate of AKI. It could be explained by the dose and the choice of diuretic, and more intense infusion therapy during surgery (23) . However, further multi-centre studies with larger number of patients and different doses of furosemide are required to confirm these results.
Diabetes mellitus is an independent risk factor for AKI. Patients with the disease suffer from impaired vasculature, therefore there is a higher risk of kidney hypoperfusion and ischemia periods, which may cause AKI (24) . In patients with DM, AKI is often underdiagnosed after heart surgery (25, 26) . This study did not find any relation between DM and AKI, possibly due to a relatively small sample size.
Surgical factors such as CPB duration and aortic cross-clamping time may help to assess the risk of AKI (27) . The longer CPB, the more intense haemolysis is. Free haemoglobin released from damaged erythrocites is nephrotoxic. In the study by Yunus it was found that CPB duration of 71-140 min and >140 min increases the risk of AKI by an OR of 4.76 and 6.30, respectively (28) . It was also observed that the patients who had no history of kidney diseases prior to surgery but developed it after it, had a longer CPB duration, a lower CPB perfusion flow, and CPB perfusion pressure was <60 mmHg (29) . In our study, surgery duration and mean perfusion pressure did not influence the rate of AKI. Aortic cross-clamping time and CPB duration were not significantly higher in patients with AKI, but both factors moderately correlated with the development of AKI.
Our data indicates that exposure to haemodilutional anaemia during surgery was associated with an increased risk of AKI.
There are several limitations in this study. The small sample size causes concerns for type II error and the over signification of individual patients in the analysis. Furthermore, the high incidence of anaemia leaves only 22.41% patients without perioperative anaemia. These small subgroup sample sizes limit the utility of the statistical comparisons made between them.
CONCLUSIONS
The rate of perioperative anaemia is 77.59% in our study. AKI developed in 46.55% of the patients. Post-operative AKI after cardiac surgery with CPB has a moderate positive correlation with perioperative haemodilutional anaemia. Longer CPB time and aortic cross-clamping time were found to be the risk factors for the development of AKI.
